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RlIX3tJMEN

Mucllas  de las  caracteristicas  observadas  eil objetos  IJerLig-IIaro  h a n  podido  s e r

reproduc,idas  mediaI1te  Inode]os  de c]loque.  SC mucstra  que Inodelos  silnilares  pucden  aplicarsc

para la distribuci6n  espacial de intcnsidad  dc la,s ]ineas  ultraviolct,a obscrvadas  por TUE. S e

]Ian utilizado  cs~cctros  de] arc]livo  de ]U]t p a r a  estudiar  las lillcas ultravio]cta  (~ IV ~)549,
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Si ]][] A1891, C 1 1 1 ]  AJ909, C II) A2326, Mg ]1 A2799) y twllbih  c] co)ltinuo  (IIIodclado  COIILO

coILtiIluo  dc dos fotollcs),  dc 10S objctos:  1111 1, 1111 2(11+ A ‘), 1111 2((1+1]),  1111 24A, 1111 32A,

1111 43( A-{ 11-IC) y 1111 47A. J,OS dates dc l[Jlt  tienm UI1 calidad lilllitada,  dcbido a 10 alllplio

de su fuIlci611  de cllsal~cllalniex]to de pu]]to  y su Laja sefial  a ruido,  y pm tamto han s i d o

dcgradados  para colrlparar]os  co]l ]as obscrvaciollcs. I,os l)artillletros  fisicos dc IOS Illodcls  s e

lmsall en cstudios  6pticos anteriorm  y fuerwl  variados  dmltro de sus irltervalos  dc inccrtidulllbre

para rcproduc.ir  las observaciojles. J,os objctos  sc r]lodelaroll  COJI1O UII tillico clloquc  dc  p ros

(i.e. 11111, 1111 24A, 1111 32A &, 1111 47A) o la, supcrposici61,  de dos (i.c,  1111 2(11-1A ‘) &

1111  2( G-+ 11))  o I]]zis (i,c. 1111 43( A+II-I C)), l,a idea es toll]ar  ml cuc]]ta la colllp]cja  estructura

de cstos  objctos  y la colltribuc.i611 dc otuas c.oIl(lcIisac,io!lcs  a. la luz u l t r a v i o l e t  dclltro de]

a,l)crtura de lUIt. I,OS IIlodelos dafl U]la dmcripci61i  razol)ablc dc la-s distri LucioI1m mpacialcs

de iI]tc]lsidad  de IOS objctos  1111 ohtcI1idas  por IU1’;, y u1l 11]6todo para elltclldc.r  observaciones

fut,uras  de I]layor  rcsoluci61)  mpacial.

Received — -1 acccp  t cd ------ . .. —--—.
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AIIS’I’RACT

Sil]il)]e kinematical  bow slwck  IIIodcls have succcssfu]]y  explained rIIaIIy of

(,Iic  observed features ill  IIcrbig-IIaro  objects. I t  is  SIIOWII  tl)at sirllilar  nlodc:ls

c.aII be applied to tlic  spatial irltcnlsity  distribution of tl~c UV lines obscrvc(l  by

IUIt. Arclliva.1  IUIt spectra }lave beer) used for tllc  o[)jccts  11111, 1111 2(11-} A ‘),

1111 2( G-{11), 1111 24A, 1111 32A, 1111 43( A-j 11-{ C) arid IIIJ 47A, where tllc  briglltmt

(JV lillcx (C lV A1549, Si III] A1891, C ]]1] A1909, C I I]  A2326, Mg 1 1  ~2799)  WCIC

studied,  as well as tl]c UV colltilluL[lll  (l I]oclcIcd I>y a two ])11 OtOll  corltiIluulll).  ‘J’}lc

quality  of tllc  IUlt da ta  is ratllcr  lilllitcd  dLIC to t~lc broad  poi]it  s p r e a d  furlctioll

aJ]cl  tllc  low sigllal-to-IJoisc  ratio, and  tllcmforc tllc  IJIocicls were  degraded to ]Iiakc

tl]clll  coll)paraLlc to tllc observations. ‘1’})c  p}]ysic.al  para.JIIctcrs  used in tllc lllodels

were obtaillcd  frolIl previous optical studies mid varied ac.cordillg]y  to I]latcll  tllc

obcrvatiolls,  but witllill  tl]e  kllowIl ullc.crtai  Iltics.  ‘1’tlc ol)jects were  Inodclcd  by a

sing]c  (i.e. 1111 1, 1111 24A, 1111 32A & 1111 47A) or tllc  supm-position  of twc) (i.c,

1111 2(11+-A  ‘) & 1111 2( G-I-1]) or lnorc (i.e. 1111 43( A-} II+ C))  bow shock InoclcIs.

‘3’I)c idea was to take illt,o  account tl]e  colllplcxity  of t}lc lllorpllology  of these

objects, and the coxltributioll  to the [JV Iigllt frolll  difrerent  condensations within

tllc IUIt aperture. q’lle lIIoclcls  provide a rcasonab]c  dcscliptioll  of tlic  available

IUlt olxwrvations  of 1111 objects spatial illtcl)sity  distribution, and a llletllocl to

ul]derstalld  future [JV IIigller spatial resolution obscrvatiolls.
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1. Introcluction

IIcrbig-llaro  (1111)  objects arc diflusc  cnlittil]g  regions associated with tllc  Supcrsollic

outflow from young stellar objects (YSOS).  A large fraction of their UV,  optical MICI near

infrared emission is in the forl]l of pcrinittcd  (c.g  IIa, C IV) and forbidden (e.g. [S I I] ,

[I(’c  II]) lines,  which arise in tl,c recol]lbi,latio,,  region of the shock  mcilcd  gas (Sc},wartz

1975), a collscqucllcc  of their supersonic illtcractiolL  with tllc surrounding ]l~cdiu]l~.  ‘1’lle

1111 condmsatio]ls  ill IIiaIiy  cases rcscII)l)lc ll~orp]]ological]y  workillg  surfaces, w]lic}l are

cl~aractcrized  by two s}]ocks, t}lc Mach disk (or jet shock) wld  t,}lc bow slloc.k  (e.g.  Ilartigarl

1989; Raga 1989). ]n detail, l]owcvcr,  tl)eir  structure is rnorc colnp]ex,  as grourld  (I~;isltiffcl  cl,

al. 1994) and IIS1’ images (Jlcstcr et a]. 1994) llavc  rcccn)tly  revealed.

%veml of i,llc intrinsic propmties  of suc}l  1111 objects, e.g. illtcllsity  lillc ratios,

positio]l-vc]ocity  diagrams, velocity disl]cmioll  alld tllcir  optical spatial inicmity  distribution

(hereaflcr S11)), have Leell Inoclc]  il] a rcaso,,ablc  way by silIlplc  killelnaLica]  bow sliock  IIlodcls.

The success on these models relics on the di~culty  in spatially resolving for most targets tile

Mach  and bow shocks; that  the bow shock allows the simultaneous presence  of strong shocks

at its apex, and weaker sl]ock at its wings; and finally, that for t}~e typical cstil~latcd  jet

and preshock  densities (Raga & Noricga-Crcsl)o  1993) the Low sl~ock dominates tllc optical

emission (e.g. ]Iartigan  1989; Raga 1989).

]11 the U\~ 11]1 objects display a wide ran~e of emission line  excitations, froln C IV AJ 550

to Mg 11 A2799,  w}licll  can bc easily ex]~]aillcd  ixi tile context of a bow shock structure. ItI

a curved sl~ock  it is only the pcrpclldicular  component of tllc s}lock velocity w]lic]l  LCCOIIICS

thcrma]izcd, this lnakcs possible to ]lavc  lligll excitation lines  near the apex, alld  ]OW cxcitatioxl

O1lCS arising frolll t]lc  wings of a bow shock (SCC e.g. ]]o])rn  1989; ]~rugc]  1989).

‘J’~Ic goal of this paper is to conlparc t]lc ](J]l S]])  of tl]c  UV ]ig]it,  observed  ill ]]]] objects,

wit]l  t]lose  p r e d i c t e d  by kirlcma,tica]  LOW s]]ock ]node]s.  A]thoug]l  a col]lparison  between tile
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1 LJlt data Mld ‘degraded’ optical obscrva,tiolls  has bcxri  pmvious]y  carried cmt by I,cc  et al.

(1 988),  tlIc  con~par-ison  with the shock IIIodds  should provide a. Inorc  clear undcrsta!lcling  of

tl~c pllysica]  conditions ill 1111 ohjccts. ‘1’l]e  IIJE data IIas heel]  collected frolll  the publis]led

Iitcrat,urc  (I,cc  et al, 1988 ;  I]ohm  ct al. 1987;  IIG]IIII d a]. 1991 ;  ]Itihm  et a]. 1992 ;  ]Ioh]n et

al. 1993)  ‘1’hc objects studied are 1111 1, IJ}J f?, 1111 24A, 1111 32, 1111 43, md 1111 47, with a

particular attention to their stronger clllissioIl  lines: C IV A1549, C 111] ~1909,  C 11] A2326,

Mg ]] A2799, Si III] A1891 ( if  available)  aIId the colltilluulll.

A dcscriptioll  of t)lc propert ies  ZUld lill)itatiolls  of tllc  kiIlclllatic.al  bow shock xnodcl is

prcsmltcxl  ill j] , arid of tl]c shock Inodc]s  for t]Ic sclcctcd lillcs  ill $3. ‘1’lIc characteristics of t]~c

i]ldividual  1111 objects are discussed ill $4, a]ld wc presc]]t  our c.ollclucling  rclnarks  in $5.

It is sliow]l,  as suspected from tllc optical obscrvatiolls  (llis16fTel  ct al. 1994; IIestcr  ct al.

1994)  a]~d II)odel positioll-ve]ocity  diagrarlls (J] Idcbctouw  &, Noricga-Crcspo,  1995) that tllc

IIlaLc]) bctwccn theory  and observatiolls  illl~)lovcs  W]ICI] t]lc! pr’cscncc! of Imdtip]c  condensatiolls

is cmllsidcrcd  ill  tllcir interpretation.

2. !l’he Kinemat ica l  Bow Shock  Mode l

2.1. G e o m e t r y

A detai led dcscriptjoxl  of a silnpljficd  LOW s}lock  nlodc]  call Lc found for instance ill

IIartigar), ]Laylllond  & I]artmanu  1987 (Ilclcaftcr  I]] LI]87), “]’]Ic basic idea is t}le fo]lowillg.  III

tile fralllc of rcfcrcnce  of tile shock, tlw prcshockcd  gas cntm-s  the bow shock at a velocity Vs,

alld  ang]c  ~ (SCC:  Figure 1). To silnp]ify  tl)e calculations of tllc lillc crllissioll,  tile  bow  s]lock is

dividcc] into a Ilurllbcr  of annuli  of c,ollstallt  f. OIICC t,]lc slIa,pc of tllc bow s]lock is kIlowIl (at

an oricJltatiol)  ~~), ( and therefore t]lc pcrpelldic.ular  colnpollcnt  of t]lc  veloci ty,  VJ , can  be

detcrlllil)cd.  Since it is OIlly this colrlpoIlcnt  w]lic.]1 transfcmns  its kirlctic crier-gy ilito  il]tcrl]a,l



WWY) LIIC ~IIliSSiOIl  flwIl ~a~}l WNl~US iS CZJCUl~LC~  r~llllliw ~ PlaIJ~-PaMll~l sllO~k  HIOdCI wit]l

vdo~ity  ~ql]a] to its c.o!l~spolldil)g  VJ , ‘J’llis  clnission,  wl]ic.11  is  c.orlsidcrd  to bc gcIIcIakcl

ill an il]fi  Ilitcsinlal  shell,  is tl]cu wciglltccl by tl]e  iuca of tllc  aIi Iiulus WCI co-added  wi th  the

mlission  c.olllillg  fmnl tllc  rest of the arllluli}  giving tile  lillc elllissio[l  over the e n t i r e  b o w

slloc.k.  I+’or a given line tllc  S11) is obtaillcxl  hy illtcgratillg  tllc  cfllissicm  aloIIg Ll]c how shock

syllllllctry  axis. ‘J’hc final dis t r ibut ion is  c.onvolvecl with a Gaussia[]  wit]]  a width  givml by tllc

poillt-sprca,d  fu[lction  (I) SF) of the illstrulllc]]t. ‘1’he llJIt  I)SII’  is hctwccul 4“a11d 5“, dcpcrldillg

011 tllc wavelcllgtll  ( s e e  e.g. de Jlocr  & Mca.dc 1981 ). ‘J’lle  ]]]odcls arc tl)e]l norllla,lizcd  t o

t}]c size of t]lc ol)ject  (l{.), so that t]le  rcsu]tillg  distril~utiolls  arc sca le - f ree ,  a,]ld  to tlIc  ~Jeak

illi,ellsity  value  (10).

‘J’l]c plmlar  sl)ock m o d e l s  COI[lC frolll  11 RI187, al~d have  I>cc]l camful]y iIlterpolatcd

to Lc IIIajJpcd sIIIoot]Ily OJItO t])c bow S] IOC.k IIIOClCl  ( s e x  J’igurc  2, htto~]~  pa,IIcl). A

good  illtcrpolation  is spccial]y  Ilcccssary  for tile low velocity shocks, given their ilnportallt

c.olltributioll  to tl~e il~hmsity  ovci  tllc  large surface area of tl)c bow shock  wings.  ArL exarllple

of tl]is call bc SCCI1 in tllc intensi ty  distribut,io]l  of Mg II A2799, wlicm  hot]] intcrpo]atioxl  alld

grid rcso]utiorl  ‘conspire’ as to gcllcratc solnc  Iloise at t~lc wings  (see ]~igure 2), III most cases

the grid size of N=-500 clclllcnts was cnoug]l  to lllillilnizc  the noise.

2.2. ‘1’he grid of moclcls

‘1’IIc input  paralneters  of tllc lllodels  arc set by tile ava,ilab]c plane para]lc]  s]lock m o d e l s

froln  111iI187,  tlic UV cmissio~l lines  observed  by ILJIt, and the geollletry  of our kinc]natical

b o w  sl]ock.  q’lle ]incs studied arc N V ~1240,  C JJ A1336, N ]\~] A1486, C IV ~1549,  O III]

~1663,  Si 1]1) A1891, C ]]1] A2326, Mg lJ A2799 and  tllc  t w o  ~)llotol]  c.ol)tilluuln.  l~or tllc  shocks

tl[c following  parameters were considered: (1) t)lc s})ock velocity (1 00, 150, 200, 250 kln  S--l ),{

(2) t]lc all~]e bCtWCCII tllc  bow sl,ock  axis M,d tl]c  pla~lc of tl]c  sky (O”, 300.), (3) t]lc  presl,ock
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dwlsity  (100, 1000 CHII- 3), amcl (4) t]lc prcs])ock  ionization  state of the gas. ]~or this ]ast O1le

fully ionized or local cquilibriulll  were tllc  clloiccs (SCC 111 U187),  altl]ougl]  it is known  that

‘t]lc prcionizatioll  s t r u c t u r e  ill a bow slloc.k  is Inorc  Cox]lp]cx,  and  t]lat in mamy colllparisons

equi]ibriurn  lnodcls  SCCII1  to lnatc]]  better t])c obscrvatiolls  (Noriega-Crcspo  et al. 1989) ]11 a]]

cases, given tllc wide  aperture of IUlt, t,hc H~odcls  considered a slit 10 times tile  size of the

obstacle a)ld at a fix 0° oricrltatioll  wit]] respect tllc  how shock axis.

A s  cxa]llplcs  of tllc S 1 1 )  d i r e c t l y  obtaillcd  fro]ll t}lc  I)ow shock  II)odels,  i.e. wit]lout

c.ollvolvillg wit]] tl)e IIJ1l  l) S1{’, tllc Illodcls  for tllc  lillcs C IV and  Mg 11 arc prcsc]ltcd  ill F’igure

‘f! (cquilibriulIl  and fully ionizatioll  for I] z 100 C.]11-3 alld  ~) =- OO). ‘1’llcsc two lines were CIIOSCII

bccausc  they SIIOW tllc  overall bcl)avior that is SCCI1 ill the high and low excitation lines.

,SOI]lC gmlcral  features that call be idclltificcl froln  LIIC grid of nlodcls arc tllc  follow illg:

(1) ‘J1l,c c,]~itti~,g rcgio,,  gct,s  wider as tl,c sl,ock vclocit,y inc reases .  1,, f~ct l,l,c full width

at O illtcllsity (1’’WZ1) for a low exc,itatioll  ]il]c is approxilnatcly  equal to tllc  shock velocity

(I11U187). (2) q’l]c  prcionizatiol~  state  aficcts  tllc spatial distribution of t})c cx)lission  lines. A

ful]y  ionized nlcx]iulll gives difrcrerlt  and wider  lookillg  distribution than tllc  cquilibriuln  OILC,

sillcc  for the sa)nc s]lock ve]ocity  its energy dots not go into ionizing the prml]ock  gas. For our

bow shock model it

cl]crgy  in emission.

tllc profiles bccolne

lncans that  weaker shocks  along  tl)c wings can  still  relca.md  sornc  of i,hcir

(3) As the angle betwcm]  tl]c axis and the plane of the sky ({)) increases

sllloot}lm-,  wllicll it is cxpcctcd  frolll t}lc  geometry of  tile how s}lock. (4)

SOI]lC  structure SCCII at a few radii froln  tl)c stagnation  region  iu the distribui,iolls  is duc to

a combination of tllc  ‘coarscncss)  of tl)e  gcoll]etrical  grid with the finite illtcrpolatioll  of tllc

plallc parallel lllodels.

‘1’l]c rclatiol]ship  bctwcc~l intmlsity  versus s})oc,k  velocity is also SIIOWII ill l“igure  2 for tllc

corresponding lines. Notice that difrcrencc  bctwcell tllc  spatial distributions can  be traced

back to tllosc  already prcscxlt ill t]lc  s]]ock  IIIO(lCIS of cac]l  lillc. l~or cxalnp]c  tllc  small ‘bunlps>
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in Llle fu l ly  preionized shock  Models  for tlIc Mg 11 A2800 li])c,  bccoxILc alnplificd  by the cxtcILt

clllittillg  area of tllc  bow shock  wings.

2.3. lJimitatrions  of the model

SoI1lc inlportant  limitations of the bow shock model described above arc tlIe  following:

(1) ‘IIIc preshock  ionization state is not well k,,own: t]le  pres]lock  material cmtcring  a ccItaiIl

allllulus  is JIOt only  be ing  ionized  by the pllot,olls  corllillg  frolll this annulus  but  a lso by tllc

ones next  Lo it. ]lllprovcd  bow sl)ock ]nodc]s  IIavc been developed (]{.aymond  ct al. 1988) and

SCCIJ1 to agree s]ig]lt]y  better wit]l  the observations. (z) J)lallar  shock models are not rcliahle

in tile low velocity range. This fact, togetl)c]  with tllc projection problems arising wl]cll using

]Iig]l orimltation  angles (~~) and irltegratioll  ilitcrvals  larger t}lall  7 lb, nlakc it difficult to

model low excitation 1111 objects, as 111143, w]lerc  the shock velocities are relatively low. (3)

Kxlowlcdgc  about tile prcsllock Inagnctic  field and the radiative transfer paralnetcr is very

limited, parameters that become ilnportant  ill tl]e low velocity shocks. (4) ‘J’hc xnoclel  assumes

a medium with a uniform density, which could  no be the case. lh-cshock  density is not WCII

kllown.  (5) 1111 objects present more colnplex  structures than tile  single, double and triple

condensation models studied in this paper. (6) ‘J’he model does not take into account emission

from tllc  Mack disk and working surface of tlte  jet itself. ‘1’hcrlnal  instabilities arc neglected,

as well as IIlolccular  cooling.

3. G e n e r a l  Rmnarks  and )bxults

3.1. IIJE d a t a

‘J’l]c ohcrvdions  used in this project were obtained by IUJl (see table 1 for details). It

IIas bcml poilltml  out several Limes the lilllitatiolls  Of ]U]t for tllc  study of 1111 objects (see
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c!.g. mvicw by  lltilIIn  1 990), ncwmtllclcss  is OIIC of tllc  fcw illstrulncllts  that  have provided

us with silnultalcous  iliforlnatioll  of the sJmtial  and spectral properties Of these objects at

ultraviolet wavclcllgtl]s, ‘1’he Il)aill cavca,ts  to study the 1111 objects S11) ill tllc  LJV are duc

to t]lcir relatively low surface briglli,ncss,  tllc  fad,  that t]lcy  are found  ill star forlning  rcgiolls

w]lich arc not llcccssarily tra~lsparc]lt,  to tl~c [IV light, plus tllc  lilnitcd  spatial rcsolutioll  given

tile broad  J)SIJ of tl]c IUIt telescope.

‘ 1 ’ 0  deal  with  tllcsc problwns,  wc lkavc collcmtrated  on the sl~apc  of t}lc  ?lorlnafizcd

il)tcllsity  distributio]l  for a givcII  ]illc,  avoid  ilip; rcddelli]lg  correct ions. We liavc perfol-lllcd  also

a collvoluticm  of tl~c ll~odcls  witl} t]lc lLJlt  l’Sl~ to avoid  dccol  Lvolving  tllc obscrvatiolls,  wllicl]

it is provcll  to be Illorc  difficult alld ICSS  reliable (SCC  e.g. I,cc et al 1988). ‘1’lle ILJI; l}Sl~ varies

as a ful~ctiol)  of wavclcllgtll,  and so it was takc~l as a Gaussiall  with a 11’W11N4 of 4”, for tl)c

~ IV a]ld Mg 11 ]incs and 5“ f o r  C II], C 1][], Si III] mid tlic  c.olltinuulll  ( d c  IIocr  & Mcadc,

198] ). Sillcc  tllc  size for lnany  of tl]csc  ol)jccts,  frolll t}]c ground  at optical wavelengths, arc

- ~“ I[lost of Lllc spatial details arc lost  ill t}IC col]volution. If i,l!c size of tllc UV clllil,ti Ilg

rcgioll,  IIowcvcr,  is larger than 5“ , tllc]l it bccoIIIcs  very ilitcrcxting  tllc  colnparisoll  with tllc

IILodcls  as WC]] as tllcir illtcrpretatioll  (see below).

1 II t]]c present lnodels  the al@c bctwecxl tllc  slit aI]d t]ie symmetry axis has LCCII taken

to he zero, since  tllc projcc,tcd  size of tile slit ox} tllc  J)]anc  of t}lc sky (23”) is larger than

tlic object (- 5 –  7“ ill size in gcllcral).  ‘J’hc sensitivity of the instrurlle.nt  chaILgm  along

the aperture, rcacllillg  a lnaxilllulll  at t)le cmlter  aI1d declining steeply towards tl]e  cxtrclllm

(Clarke & Moos, 1981), ‘1’llis  Pact, togctl]cr  with tl~e illcrmsing  fza.intl~ess  of tl)c  1111 object

further a]ong  the wings, Inakes  it very  dificu]t  to get rcliab]c  inforlnation  near t]lc  cxtrclllcs  of

tllc slit.

‘1’]lc l]lodcls  llavc  Lccn  s]liftcd  to IIlatc}l t]lc peak illtcllsity  distribution of t]lc Illost  rclia,b]c

o b s e r v e d  lillc. OI]CC Lllis is dollc  t,lle relative shift for a,II t]lc  ot]ler  coll~l~arisoll  ]illcs,  for tllc
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SW]lC exposure, is identical. We sclectcd C I\~ Al 549 for tllc snort  and C 11] ~2326 for tl]e lol]g

Wavclcmgth  ranges to match t,llc IIlaxil I”la,

Since  1111 objects arc riot point  sources, but diffuse cmittillg  rcgiolls  with a given

lllorpllo]ogy,  it is necessary to know tl]c oric]ltatioxl  of tllc slit with respect to tllc

object, which depends OH tllc spacecraft roll arlglc alld  tllc  orientation of the object ill

tllc  sky. I’his  informatioll  now is easily availab]c frol]~ tllc IIJIt data base llo]ne  p a g e

(}~tlj~://ba)~zao.  gsjc. rtasa,gov\lUll/sca~cl~).  optical iI1lagcs  ill [S I I] and 11-alp]la were  used to

dctcrl)lil)e t]lc positioxl allg]e of t]le  objects (SCC scctioll  3.2 for rcfcrcmces).  ‘1’])c order IluInbcrs

in t}]c spectra incrcascx  iII tllc dircc,tiol] frolll tllc  large aperture toward !,Ilc  sII]all  apcrt,  um for

t]]c SW]’ and I,WIL carncras,  alld  it gOCS i[l tllc  opposite way for the I,WI ) c.alncra  (rJ’urllrosc

Ct al. 1984),

Vinally  hear in mind that wl)eII co]llpw  i]]g rllodcls  with the IUlt obscrvatiolls  of 1111

objects, most of the published data do nof S]IOW error bars. For tl)e  brightest objects like

1111 1 and 11112 a typica) cstimat,c of the ullccrtailltics  in tllc  fluxes is I-Q 10%-15%. l“or fainter

objects like 1111 43, 1111 47 arid specially 1]11 24 tile ullccrtaillties  can be a lot  larger.

3 . 2 .  TIIe S p a t i a l  lntmsity  D i s t r i b u t i o n s

‘1’llc physical parameters for tile Inodels  were obtained from ground base optical studies

(a list of them is shown  i~, table 2). ‘1’lIc il)itial  parwllcter  space was based 01] tllc best

availzhlc shock  velocities, proper lnotions,  radial velocities and optical spectra. III some cases

t]lc illput  xlurnbcrs  for t]lc  modc]s were viiried wit]]ill  t]le  known  unccrtairltics,  a]t]loug]l,  as

previously pointed  oui,, it is difficult to try to collstrail~  thcorctica]  models completely using

1 U 11 ohcrvat,ions.

‘1’l]e Inodc]s  depend 011 two mlglcs.  OIIC froln  tllc relative orientation of tllc  object  ill tllc
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s k y  with IWSpcci to t}lc obscrver,  aIIcI the angle  Imtwcm the SYIIIMAIY axis of the object  ad

LIIC positiol]  of tllc  slit. lJ1 practice wc found  tl~at this second aI@C did Ilot make a significzmt

diffemicc  for lllost  lllodcls,  givcll t}lc large a])crturc of  tl]c 1

(~ 10” X 23”’) irl relationship to tllc  size of tile  1111 objects,

t)lc  slit aperture cllcloses  colllpletcly  the object.

JIt lillc-l~y-lillc  cherva.tions

111 tile  ll~odcls  wc assulnc  t h a t

‘1’lw superposition of rllult,iplc  bow shock  JI]odcls waA carried out ill the following way.

A  Illodel  for all irldividual  coIldcllsatiolls  wm gmlcratcd,  a]ld tllcll size and  f l u x  w e r e  scaled

acc.ordillgly  (by tile  salnc Factor)  to OIIC of t})c observed condcIlsatiolls  (tllc brightest olic).

N e x t ,  bow shock  IIJodcls  for tile otllcr  iI)dividllal  colldcllsatiolls  wc.rc c.a]culated  a]ld slliftcd

wit]l res~)cct to t]lc! onc taken as a rcfcrcllc.c  l)y t]lcir  c.orrcspo)ldillg  allloul]t  (obtailled  frolll t]lc!

ol)tical  ilIla.~;cs),  alld  tllcIi were tiddcd.

‘1’l]c I]lodcls  w}lic]l  rescrllb]e  r~lorc t h e  ohcrvatiorls  wcn-c tllosc  c.alcu]ated  ul]dcr tllc

assulnpt,  iou of cqui]ibriutn  preiollizatioli. Fully prciollizcd  and equilibrium plane shock Inodc]s

arc identical for shock  velocities above 180ktJl  s- 1 (111/1187). ‘1’llc difference arises at low

vclocitics,  wllic}l  lnanifest  l,}]e~nsclvcs  a]oxlg  tllc  bow shock  wirlgs. IIccausc of this, tllc l o w

velocity shocks  co~ltrol  tile  extent and Sllajm of t}~c ‘tails’ iu t}lc  S11)s, particularly for tllc

low cxc.itati,ou  lillcs.  So wit,ll  the exception of 1111 32A (SCC ‘1’able  2) the peak velocity of the

]]]] objects considered ]ics be]ow  the 180 klll s-- 1 tllrcsho]d,  alld tllcrcforc,  Loth  ccluilibriuln

and fully  iollizcd  models  were calculated. ‘1’lic laicr ones, howcwcr,  do Jlot lIlatc}l  as W C]] tile

obscrvat,iolls,  cxccpt pcrl~aps  for 1111 32A (SCC 1w1ow). A silllilar  collclusion  was rcacliccl by

Noricga-Crcspo  et al. (1989) with respect to tllc optical forbidden  Iilles.

‘1’]lc lnaiIl  focus of t]lis study is the s]]ape  of t}le  S11)s, a)t)loug]l  for consistency the

illtcgratcd  fluxes of tl~c models a,r]d t]lc obscrvatiolls  were also colllparcd.  ‘J’lle  fluxes  Inatcll

wit}lin  factors of 2 alld  10, except for the two plLotoll colltilluull]  wllcre  the factors are hig}lcr,

a direct coIlscc{LicIlcc  froln  t~lc fact t]iat t])e p]ane J)arzd]cl  s])ock  x]~odc]s  ovcrestilnaicd  t]lc  t w o
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p})otoll  c o n t i n u u m  flux (I] IU187).  g’llc olxm  vatiolls  ]Iavc bcml gatl]a-cd fro~n t]]osc publis]lcd

by ],ec ct al. (1988), ]]Ohl,l et a], (]987), and ]]0]11,1 et a]. (1993) .

4 . Di scuss ion  on  lnclividual  Objec t s

4.1. 1111  1

1111 1 isallig}l-excitatiol  lobjccl  all(lollc  oftl1ebriglltcst  irl tlleultraviolct  (togctllcrwitll

1111  2). Wc!]lavemodclcd  it as asil]glc colldel)satiolI  with a sl)ock velocity of 175 kln s-l,

all o r i en ta t ion  ang]f2 II = ~ 0 (moving into tl,c plallc of tl,c sky), a prcsllock  dcl~sity of 100

C.]]’l- ~, and a radius R. = 2“. l“igure3  snows acoxllJmrisorl  Lctwccll  tl]c IUItobservdtiolls  and

tlIc IJlodcls for2sclected  cnlissionlincs:  CIV A1550 and Si ]]1] ~1891,  alld  t w o  2 0 0  ~ w i d e

colltilluunl  hands, 1500-1700 & 1700-1900 ~. ‘1’hcm lnodels ass LIInc equilibrium prw-ionization.

IIL l~igurc 3 (and all the rest) the broken  lirlc rcprescrlt,s  tllc  1 U1’; l’S1r and the solid line tlic

convolution of the model with the I) SF.

It is interesting to notice that the IUIt obsermtions  arc in this case wider t}laa  the PSF,

w]lich suggests that the condensation was resolved (but scc be]ow).  The single  condensation

mode]s  arc just slightly wider than the I) S] I’, but, IIot,  as Inuc}] as the observations. This would

scc]n to illdicatc  that the UV elnissior]  is IIOt ]inlitcd  to only tile stagnation zone where t]le

sl~ock  is completely tllerlnalized,  but it is more extended. ‘J)his is a bit surprising for the

C IV mld Si III] ]incs,  since it is cxpcctcd that tllcir ell~issioll  arises from the ‘apex’ where

cnougl]  energy is available for their excitation, after t]lc  tllcrmalization  of relatively fast shock

waves. ~’llc ohmred shapes Of t]IC SIDS arc t]]clllse]vcs  quite diffcr~lt from a Gaussian  I] SF,

somctl]ing  w]lic])  bCCOHleS more evidcl)t  W]ICII looking at tllc  corltinuutn  emission. Only ill

t]~c case of t]lc  C IV ~1549 from tllc SW]>~49]4  exposure ,  t]lc ol)scrvcd  distri~ution  ]las a

colnparahle extent  as tllc  lnodcl.  N o t i c e  t]lat t]lc  C.orrcspoxldillg  S]]3 froln t]le SWP40W7
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Cxposurc,  wl~icll was taken at a silrlilar  orielltaticnl  wld roll aJlg]es,  it dots look broadcx.

‘]’}Lc Cmllparisoll  bc!twceII Inodc!] aJld observat ion]!  ]cads  to at ]cast  two L]liJlgs,  oIlc t]lat

tllc prxxuiization  is Jlot cntirc]y  near equilibria])]. ‘1’IIC  full prciol]izcd  JIIOCICIS,  altlloug]l  do [lot

look like tlie  obscr-vations  a]ld ovcrcstiJllatc  tllc  iIltcgratcd  fluxes, lIavc ill gcnma]  S11) with a

Illorc  cxtaldcd  shape.  AI1 illterlncdiatc  prcior]ization  state SCCIIIS  likely. SecoIld,  t]lat SOIIIC of

high cxcitatiou  UV ell~issiol~  could arise frolll sma]lcr corldcllsatiorls  w]lich are liot resolved;

a stIoJIg  possibility  by judging  the COJIlp]CX  Illorp]lo]ogy  of t]lc ]iig~l  slmtia]  rcso]utioJ1  11 S’1’

observations.

4 .2 . 11112  (J1-I-A ‘ )  and 11112  (G+]])

‘I)llc 11 II 2 object,  wl]icll  is tllc soutllcrll  bipolar coulltcrpa,rt  of 11111, IIas a IIigll  cxcitatiou

and a very coI]lplcx  structure (SCC cog . l’~isl{)flcl  ct al. 1994; Scllwa.rtz cl, al. 1993,  IIcstcr

C!t al. 1 9 9 4 ) .  We Inodclccl  1111 2 (11+-A ‘) as tl]c supcrpositioll  of two bow shock  Inodc]s

wit]l  a prcslloc,k dcl~sity of 100 CJ]l-”3 amd equ i l ib r ium prc--iorlizatio1l.  q’llc  shc)ck vcloc.ity

and orie[lta,tioll  alqgles used to Inode]  ]]]1 2]1 and 1]11 2A ‘ were 12U krn s--l a]ld a 2°,  and

170 kill S- 1 and 12° respectively (following 1 Ildchctouw & Noricga--~rcsJJo  1995), with  l)otll

objects JnoviJlg into the plane of t]lc  sky.

Si))cc! fro]~l  ground base  observations II]] 21] ahe displays an a]lllOS~ C]]iptiCa] shi$pc,  WC

collsidcrcd iIl t]lc lnode]s  a lljillilnulll  and lllaxilll~l[ll  value for its size dcpcndi  Jlg o]] t]]c ]oc,atioJl

of tile 1 LJII; aperture (see Table 2). ]~ca]l t]lat tile Inodels  assuI1le  aJ~ sp]lerical  obstacle for

t]lc  forlllatioll  of t]lc bow s]lock.  T}IC separation bctwccn  1]11 ’211 a~ld ]11]  2A ‘c]laxlgcs  a  b i t

accor-dillgly  iMId w a s  a]so illc]Llded  iJl t]le lllode]s,  ]1( practic,c,  t]lcsc  arc lliillor  adjllstl]-lents  t o

t})c rcsultiIlg  S]1)s,  sillcc it is t}lc  supcrpositioll  of two ~OW shocks  w]lat  dctellllillcs  lIIOStly

tllc S11) shape. ‘1’l]c radii  for  1]]] 2]], ]IJI 2A ‘and  t]lcir  separation w~q-c {Icterlllilled  frolll t}~~

1~’WIIM of i]nagcs  takcil  by 2 Illctcr-]ikc ic]esco])cs  ill [S 1]] a,rld 1]~ (I,cC ct a]. ] 9/3s, ]].]llll  et
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al. 1991, 1)011111 Ct al. 1990).

Olmrvaticmally  (SW l~igurcs 4a,, b), tllc distributiolls  fo r

SWI’18157  and  SW1’40663  frallles  are wider tllarl  tile poilkt

tllC C IV Mld C 111] lirles ill t]Ic?

s p r e a d  functiol} (Lrokcm  lille).

‘]’his  was tlIC first illdica,tioll  of colltributioll  of xnore than onc  condensatioxl  to tllc UV ligl)t.

‘1’he suJ>crimposcd  double  bow shock  IILodcl  does  a very good job in nlatc]ling  t]le  extent  of

tile  SWI}40663  ]incs (Figure 4a), ‘1’lic ‘]]uIIIp’ of the lIiodel  dis t r ibut ion suggests  t]lat the

double peak structure (,Ilat is observed is for rca,l  and Ilot an artifa,ct  of tile  1 [Jlt  obscrvatiolls,

At a dif~crcnt  oriclltatioll  for the SW])]  8] 57 frallle,  tllc  su~mimposcd  IIlodel rcsc[Ilblcs  that

obcrvatiolls  both  ill shape and cxtcIlt.

“J’]lcre  is a,not]ler  condcIlsa,tioxl that ]Ias hxNl observed in ]]1] 2: ]]1] 2~. ‘]’]Ic op t i c s ]

ill]agm  suggest that 1111 2G mllission  Illay llavc z contribution froln 1111 211 witllil)  tllc  IUl}

apmturej  so OIICC agaiu  wc tried tile  supcrl)ositioll  of two bow shocks to IIiodcl its overall

UV clnission.  1111 ]] is a sma]]  colldcl]satioll  and its size was deterlnincd  using  some 3.5111

sul~-arcsccond  images  ( Rcipurt]l  ct al. 1993). ltccall  that the models usc the radius of the

object, but in practice what it is lllcasurcd is the FWIIM size of a corldensatioll  and this is

taken as its diameter. ‘1’he values quoted ill ‘1’al)lc  2 correspond to half this value.

7’}Ic models that better match t]le obscrwat,ions  axsuInc  a radius lb == 0.9” for 111] 2G

and 0.4’’for 1111 211, and  a distance  betwccx]  condensations of 2.8’’(sec Figure 4c.). Equilibriulll

prcionization  and a 100 CIII-3 preshock  density were  used. ‘1’he shock velocities and the angles

between tile axis and tl~c plaIlc  of tllc  sky WCIW derived from tile proper IllotioIls  (Itis]tiffcl et

a]. 1994) and tile radial velocities (IIo]IIn  et al. 1992). Although both objects arc essentially

ill  tllc plane of the sky, wc usc -5° for 1111 2{1 (Inoving  towards the observer) and 2° for

]]]]  2]] (lIlovillg;  into tllc  sky) .  ]11 p r a c t i c e  t]lc distributioxls  do not depclld  o]] t]lesc  values.

‘1’llc 11S’1’ images tentatively illdicatc  t]le prcscncc of [0 III] in 1111211 (IIestcr et al. 1994),

w]]ic]] suggests sl]ock velocities of m 100” kill S--l. 111 tlic  InOdcls,  therefore, vcloc.itics  of this
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order were considered,  l’he lnode]s  in 11’jgurc  4C correspoj]d  to 110 kln  S-l for 1111 2G and

105 k]n S ‘* for 11]1 211, The observed distributio]~s  for ~ IV and C 111] from the SWI)43891

1 he superimposed double  bow shockset (lltil]In  et al. 1993) are agairl  broader thal~ tlic 1) S14’.  r ‘

rllodel  does lllatch well the extent  of the (1 III] line  and it is some”what narrower than the

observed ~ IV distribution. One suspects that  a Inorc realistic preionization  in the models

could give  CVCH a better matc]l.

4.3. 1111 24A

1111 24 is optically a renlarkah]c  object with  a very coInplcx  Inorphology,  and situated

a]l~ong  two or tllrec outflows (see e.g. MuIidt,  Ray & Raga 1991). One of the bright

colldcnsatiolls  corresponds to ]11] 24A w]]ic]] was observed in tllc UV by Bollm  ct al. (1 992).

1111 24A alt]lough  optically sccIns  to bc a ]lig)l cxcitatioll  object (SCC e.g. IIrugel  et al. 1981) in

tllc lJV dots Ilot belong neither tO tile l~igll 1101 to tllc  low excitation categories (Bohm et al.

1992). ‘1’he lack of UV emission lines  has ]cad to the analysis of just its continuum emission,

whic]l it has a SIL) wider Lhan that,  in the [S J1] 6717/31 optical lines (Ilohm  et al. 1992), for

instance.

Despite the complexity of III{ 24, the extclldcd  nature of coxldcnsation  A, and our

tclllpta.tion  to use a superposition of two how shock  nlodcls  to explain tile observed wide

S11), the nearest bright  condensation 1111 241; is M 20” apart, and therefore we dccidc  to

ll]odcl  it as a single bow s]lock.  We considered two shock velocity Inodcls  for it. On one llalld

L]lc proper I1lOtiO1ls  (Jonm et al, 1987) and t]lc vc]ocity  dispersion of its optical ]ines,  e.g.

]] ~, [N II] A65$3 and [S II] (373] ~ (So]f  1987), suggests a s]]ock velocity relatively low N 50

k]ll S--]. 011 tl]C other hand the detection of IO III] A5007 (]]rugc]  ct al. 1991)  ilnp]ics  a s]lock

veloci ty of  w 100” kln S-l . Rot]l  bow s]lock lllOCIC]S  (for ~fJ arid 100” klll s-l) ~s~lnle  cq~li]ibriurn

prcionization  with a preshock  dcllsity  of 100 CJ]I-:+, a radius of 3 “and an ang]e  of -36° (towards



tllc obscl’v(!  r’) .

]11 ]~igUrC ~ We ShOW thC COHll)aliSOIl  Wi~]l t]lC ObSC1-vatiOIls o f  two diffC!rCllt zoo” ~ widC

collt,i!luutll Lands, 1300 –-  1500 and J 600 - 1800. ‘1’IIc top  two paIlc]s  correspcnld  to the

50 kJI)  S- 1 IIIode] aIld thC botto]l~ OIIC LO the 100 kln S- 1 IIlodcl. ‘1’I]c coIIlparisou  w i t h  the

SWI’22708,  at WI orientation of ]53°, Wit]l  tll(: ho kill s--l bow sl]ock IIlodc!l  looks very good,

both oLservatioll  and lllodel  are )lardly wider t,)lall  tl]c 1’SII’. 111 t]le IICXL two pane]s  we consider

tl]e SWJJ38033  a]ld SWI>38102 observations, takc]l  at slightly dif~crcllt aperture oric~ltatioll

wl~,lcs w 13° apart,  but nlom than 1 5 0 ° wit]) Jwspect t]lc SW I)22708 (SCC ‘J’able 1). ‘1’]ic

OIJSCJVCX1 S11)s are cousidcrablc  w i d e r  tllaII t}le  c.alculat,cd at 50 klIl s- 1 (,]liddlc pal,cl), as was

tllc c.a.sc witl] th optical  lines  (116h III ct al. ]{)92). “1’I]c 100 klll s- 1 lliodc] (bOttO1ll  J)ane]) looks

Letter tllallks to tllc  tail gculcratccl by tl)c  low vc]ocity  SIIOC.lW, but still it is not as wide as tlic

olJscI  v~tiolls.

WC cloll’t  11.ave a sinlplc explauatioll  for t,llcsc diffcrmlccx,  a ltllougll  WC suspect, given t,llc

relative fa,illtlless  of 1111 24, that  SOII~C of ttlc broadc]lillg  of tile  ohrvcd  S11) could be clue to

difrCI’L!JICC!S  ill  t]le zero  intensity Icvc!] during  t,]lc data reduction, sirlcc t]lerc is a tendency to

overestimate tlje measured flux in low siglial-tO1loisc  spectra.

4.4. 111? 32A

I“rolll  tile ground  base ohervatiorls  ]]]]  32 call be c h a r a c t e r i z e d  by three bright

condcrlsatiol]s  (SCC  e.g. IJartigan,  Mundt  &  Stockc 1986; l)avis,  Eisloffel  & S1nitll 1996).

~olidclisatioIl  A is optically the Lriglltcst  with  a colnplcx morphology and tllc  onc  studied by

1 {Jl~. 1111 32A displays a IIigll cxcit,atioll  (see c.g, llartigall  et al. 1986), with a stro:lg  [0 111]

~~[)()? mI~issioll,  al]d also a ]Iig}l  extillctiol,,  wit]l  a], ]t(l)-V)W  ().6 (SW e.g. ]Irllgc]  et a]. 1 9 8 1 ) .

‘J’]le OIlly IUIt d a t a  availab]c is t]lat for t]ld Mg 11 ~2800° ]illc, duc to  t]~c stro)lg  dfcct
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O f  t,lle (!xt,illct,icm  at sIllall C!l Wavc!lcllgtlls  (I,ce  d’ al. ] 9&3). WC! C.O1lSidCl bOW sl]ock ll”lOdCls

at two  ditrercnt  oric]ltation  angles  ill tile  pla]lc of tllc  sky ,  30°  (I)avis  et al. 1 9 9 6 )  a]]d

70°  (Se l f ,  IIollrn  & ILaga 1986). Ilascd 01] t]lc lllcIltiollcd  spcctroscwpic  data alLd radial velocity

ll~easure~llellts,  plus 1111 32A proper Illotio]ls (Ilcrbig & Jones 1983) WC! scdec.ted  a shock

vcloc.ity  of 300 km s-l. A pres]lock  clcllsity of 100 ct11-”3 and a radius  of 1{~ =- 2.5 “were used.

Modc]s  at Lotll prciolli~,atiolls  were calculated, but ill this case  the cornpletc]y  ionized ~Ilodcls,

s]]ow iI] IJigurc: 6, rcscrnblc lnorc  t]lc:  OIMCIVC(]  S]1)s.  q’}lc IJW1{13004 ohsc!rvatiolls  arc wider

tllw~ tllc I’S]J (brokcII  lirle) aIId wit]] a tail; a tlculd rep roduced  by t}lc lllOclcls  at 30° (to]))  a[ld

70° (Imttonl),

4.5. 1111 43 allCl 1111 47A

IIotll  1111 43 arid 1111 47A arc low excitation objects, with spectral features frolll

fluorc!sccllt ]]Z mnissioll  alld  U V  contiIluuI1l (]]b]lr]l  ct a]. 1991). Ilecausc  of the lack of

available one-dimensional 112 elrlissioll  shock ]IIodcls frolll  I11U187,  we }lavc  focused OX1 tllc

Clistributio]l  continuum crnissioll  frolll  both  objects. In I“igures 7 & 8 wc show t]lc S11)s for

IIJ1 43 aud 1111 47A, respcctivc]y,  for tllc  SWI)24924,  I,W1)4041, SW1)31828  and SWI’33960

ohscrvd.  ions.

‘]’]Jc ]11] 43 systm]l  was  rllodcled  as a tri])le  condcllsatioll  (A+ 1]+~) wit]l a presltoc.k

dcllsity  of 100 CIn-3 aI[d cqui]ibriurn  prciollizatioll  f o r  ca.c.]1 coIldcIlsatioI1.  hOIJI t}lc arla]ysis

of t]lc!  data prcscntcd  by Schwartz (]9&3),  ]]}] 43A was Illodclcd  with a slloc.k ve loc i ty  o f

100 km S-l at an orientat ion angle of 60° ixlto t}le sky, ]ror 1] II 43]1 t]le s]lock velocity was

C] IOSCII to bc 40 km S-l at an ang]c  of 55° , and for 1111 43~, was  35 kln  S–l at all arlglc o f

75° (ll)dcbetouw  & Noricga-~rcsPo ]995), ‘]’]lc ~pl)roxilllatc:d  sizes of t]lc  c,olldellsa~iolls WCJC

dcr-ivcd fro~l] t})c pos i t i o r l -ve lo city diagraIIls  ill ]].} ]lll & So]f (l~~f)) and ale givcll ill ‘l’able

2. “1’]]Q.  d i s t ances  bctwecm  colldensatio]ls  dcpclld  011 tile oric:lltatioll  ang]c  of t}lc slit. ]“or t]ic



18-

1111 43A/4311 and 4311/43c  pairs tllcir  distallces  arc 5.5’’/6.9”, 6.9’’/6.9” mid 6.6’’/7.5” for

304°, 159° arlcl 146° oricllta,tion  angles, rcs])cc:tively.

‘J’llc  obse rved  S11)s am wider tllall tltc  l)S1<’ by allIlost  a factor two. ‘J’lIc S11)s arC

S0 Wid(!  t]lat CVCI1 thC 3  CO1ldC’llSatiO1ls  HlOdC]S d(-) llOt lllatC]l  CXaCt]y  t]lC!i  L’ CXtC!Ilt.  Thc!

I]lodcls,  r]mwrt,hcless,  trace the correct trend  of a lllore cxtelldcd  ‘wing’ cmlissioll  from the lJV

colltinuull~.  Something to bear in nlind is that the ol)c-[lilllc~lsiollal s}lock  II1OCIC!IS, whic]l  are

input  ill tlic  I)ow shock  r]loclels,  are relatively ~lllcertaill  at low velocities (W 20-30 km S--l),

and furt]lerlllorc,  111{1187  clid Ilot ca]cu]atc Illodels  at lower vdocit, ics t]]an  t]lis. ]br t])c bow

shock IIlodcls wit]) a peak shock  vclocit,ics of N 35--40 klll s - 1 at ~ r~:]ativC]y  large  oricultat,  ion

ar]~,lc, wllic.1]  will IIavc tllc twidc]lcy  of culllallcillg tlic clllissio~l  frolll tllc ‘willgs’, this is crucial.

‘J’l)c 11 II 47A object is OI]C of t,}ic four l[laill bow s}locks obs(!rvcd  ill  tllc  rclllarkahle  111146

-111147 systeln  in t]lc ~uIn Nebula (SCC  e.g. ltislbfrel  & Mulldt 1994; ]Iurrows,  I]cster & Morse

1 995). 1 t is a low excitation object, with clear spectral fcatum.s  of fluorescellt  11? C]nissioll  zuld

co]ltijluull~ (I]t.il]ln  et al. 1991 ). (2ivc1L tile lack of OIIC dinlcllsiollal  112 clllissioll  shock  lnodels

frolIl 1[1{,1187, we l)ave focused only on tllc  S11) of t,]le contil~uulll  clllissioll.  ‘J’}lc l~lodcl uses

a 100 kill s- * shock velocity, equilibrium preionixatioll,  a preshock  density  of 100 CJI]–3, an

oricmtatiou  angle of 23° (into  the plane of tl]c sky) and a radius of N 3.2 arc seconds (Itaga  et

al, 1987). Ohservatiollally  tllc  continuuln  at 1300 - 1900 ~ (Figure 8) is allllost  twice as wi’de

as  t}lc l)Sl~’ (llolIIn  et al .  1991).  In this case,  IIowcver,  a sillg]c corldcnsatioxl  lnodcl  swxns  to

reproduce t}lc  observations, illcluding  the ‘tail’  of L]lc S11). ])cr]laps  t]lc IJIOSt surprising tllilig

about 1111 47A is that a shock velocity of 100 kln s- 1 works for a low excitation object. A

sitllilar  co]lc]usioll  was reac]lcd  by Curie]  ct al, (1995) Lascd  011 their allalysis  of tllc  GI1lW

alld  14’0~ ] 1S’1’ observations, w}lic}l  ]ed t])cnl to col Lcludc that a Inorc C.OInplCX  s]lock structure

(~- tyl)c  Illagnctic  shocks or a MI]])  precursor) I] Jay be presctlt.
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tj . (conclusions

‘J’lK goal of this s t u d y  IIas lKX:II to use asillll)lckillclllatical  nlodcd  to u[lclerstalld  t i l e

spa t i a l  i]lte]lsity  distributiol]s  obscrvcd  ill t,lie UV ligl]t by IUlt of SOI]lC 1111 objects .  ‘1’l]e S11)

IIlodcls  ovm-all have showII that  nlally of tllc  pararlletcrs t}lat have  been  obtained  by oj)tical

I1lCM]S  provide a self-  c.onsistcut  picture whw] ale used to cxp]aiu  the UV crllissioll.  ‘1’hc IIlodcOs

]Jrcscllted  hcm! stress tllc  basic. iclca tl]at to JIIodcl  L}lc  mnissioll  of tllcsc  objects  there!  is  tl)c

IICCX1 to illcludc  tllc  colltributioll  to tl]c ra.diatioll  frorll lILost  of  tllcir brig]~tcr cojldcllsatiolls.

‘J’]Ic superpositioli  o f  two  o r  t,llmc bow slloc.ks to lllilllic.  tlte  colltril~utioll  to t]lc UV

light  scwns to ll~atch  bct,tcr t)le obscl-vatiolJs. ‘J’llis is particularly tlIe case  for 1111 2(11-{ A ‘),

1111 2( G-I 11), and 1111 43(A+  11+(3), wllicll  it is llot totally surprising given the colIlplcxity  of

t]lesc  o b j e c t s .  SOII]C of t)le difrcrcllccs  t]la.t rcl]}aill  bctwccrl  t]lc observations  aIld t]lc  lllo{]Cls,

WC tl}i]lk arc ill  p a r t  due  t o  t]lc rcstrictio]ls  i]nposccl OJI by tllc  prciorlizatioll  of ttle plallc

~)arallcl )Ilodels  (e .g .  Rayrllond ct al. 1  988).  ‘1’liis  para.I1lctm  colltrols  tllc  colltribution  t o

tlIe emission mainly froln  low velocity slioc,ks. q’llesc s})ock rnanifcst tllclnselvcs  alol+j LIIC

bow shock wings and in this selLsc  control t,]lc cxtcllt  alld  shape of tllc  S11). ‘1’llis  is pcrllaps

tl]c  case for tllc faint alld  low cxcitatioll  objects,

sliock  velocities to understand their spectra. ‘J’he

l~rcdictioll  frol]l tl]e planar shock IIlodels  in sue}]

111143 and 1111 47A, which required low

ullccrtainty  OH their fluxes, the less reliable

velocity range, coupled with their large

observed orientation ailgles,  ]nakcs  t,llc  co~llpalisoll  with tile  Inodcls  lCSS conlpelling,

For ]111 24A, t]lc sillglc bow s]lock IIIOdC]S (al, two diffix-mit  shock vc!lociticx+),  c~,lll)ot  cxplaill

silnultallcously  the diffmel~t observed S1])S.  ‘J’lIc abscIlc,e  of bright nearby colldcllsatiolls  witllitl

tllc! ILJI’; aperture prevellt  us froln  usillg  tllc  superposition lnodcls  as to cxplaill  its very wide

S11). IPor 1111 32A, a sillglc  bow s])ock IIIOdCl  with a relat ively la.rgc vicwillg  arlglc (bctwccll

30°- 70°) and lligll  shock  velocity (300 krn S-l) reproduces quite well tllc  observed S11).
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lJigLIrC  G3ptions

I~igurc 1. Ilow shock  gcolnetry.  q’hc gas eIItcrs  tile bow shock  at a ve loc i ty  Vs and

angle .$. ‘1’tlc parallel cmllponeni.  of the veloci ty (VP@,~/l,l)  is cwlscrved across t,hc s}lock,

pcrpel)dicu]ar  componcrlt  is tllermalizml  (froIII  V pcrp~  to VFIWPf).  ~’11~ wjc  bctwecll  the p l a n e

of t}ic  sky arid t}]c sylllmetry  axis of t~]c I)OW s]lock is +.

l’igurc  2. A salnple  of l,lle spatial intel)sity distributiolls  (S1 1)) created by tllc kilLcxnatica]

bow s1]ocI{  I1lodcl  for tile  liigll  cxcitat,ioll  G IV Al 549 and tile low exc i ta t ion  M g  1[ A2799

cll~issio]l  li]]cs (top paIle]s).  ‘1’lle models  corrcs})olld  (,o a set of s}lock vc]ocitics  of 100, 150,

200, 250 klll S-’ l ,  al, two diffcrc)lt  illitial  gas prciolliz,atiolls: ec~uilibriuln  (cq)  alLd full (fp). A

sample of tl]c plane parallel modc!ls  used to obtain  tllc S11) is S11OWH at the Lott,o]n  panel,

whicl] corresponds to the intensity radiated by the sliock  as a fullc.tioIl  of tllc sl)ock velocity

for tile ~ IV ~1549 (cq)  and Mg II ~27’99  (fp)  ]illes.

Figure 3. ~omparison of tile observed and t}lcoretical  spatial illtcnsity  distribution of

1111 1, for t}lc C lV A1549 and tllc Si III] A1891 Iilles, and two colltir]uum  bands 200 ~ wide .

‘1’IIc IUlt point spread function  (broken line) and the convolutioll  of the model witli  it (solid

lillc) arc plottecl,

l~igure 4. As ill Figure 3, but for tllc  1111 2(11+-A ‘) condelwatiolis  ill t,llc C lV A1549 and

~ 111] ~1 909 lines  for two different lull obs:rvatic,lls  SWP40663  (top) a~ld SW])l  8157 (center)

(see ‘RAle  1 ) usi~~g tl,e supcrpositio,,  of two  LOW s})ock lnode]s.  ‘J’lle  distributio~~s  for tl~c same

lines  but for t)lc 1111 2( G+-11) condensations (bot,tol~l)

l~igurc 5. AS in Figure 3, but for t]le  contil]uuxll  distributiol]s  at 1300 – 1500 ~ atld  1600
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1800 ~ for 1111 24A. ‘J’hc olm:rvations  c.orrespw]d  at two difrcrellt  aperture orientations.

‘1’lIc SWP22708  (top) and .SW1’38033/102  (ccntcr) distributioxls  arc compared  wit]] a model

w i t h  a shock  velocity of ~okl]] s–l. ‘1’}lc SWIJ38033/I  02 set (bottoln)  is also colnpared  wit}l a

]Ilodc] at a 100 klIl S-l shock velocity.

Figure  6. As in figure 3, but for the Mg II ~2i’99 line in 1111 32A. ~’wo models with diffm-ent

vimving  angles  arc co]]lparcd:  300 (to])) a]ld 7(]0 (bottorll),  with tllc sal]le  300k1]l  s-l s h o c k

velocity.

l~igurc 7. As in IJigure  3, but for t}le 1111 43(A+  II+C) systeln  arid a triple condcllsatioll

IIIOCIC1 alld  tlirec dif~crm]t  coIltiIluulll  observa.ticJ1ls:  200, 400 arid 600 ~wide, respectively.

l~igure 8. As irl IJigure  3, but  for tile 600 ~ wide c.olltijluulll  dis t r ibut ion of 1111 47A.
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Image Itxposurc OricIllatio~l

110. timc(mirl) allglc(dcg)
_.—
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67.8

119.0
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126.3
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NaIIIe

ol)jcct

1111 47A

‘l”3,blC ]- ~~llt,iI,u~d
——

Illlagc ]tXJK)SUIC Orielltation

110. tirllc(illill) ang]c(deg)

Sw]~24Cj24 580 304

SWI’31828 781 159

IJWP 4041 420 146

SWP17549 400 78

swP21389 440 168
sw]’32]~4 411 128

SWP339G0 870 340

Roll

W@!(clcg)

128.7

275.3

286.8

355.4

264.6

- 9 9 . 0

4.2

Year of

OIJservatiol]

1985

1987

1984

1982

1983

1987

1988
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Table 2. IIcst l“it lIOW Sliock Model ParaIIlctcrsl
-—— —____

Object VS1, (km S- ] ) d(”) Radius(”)— . . _ —______ ._

HI1 2}1 125 2

1111 2(; 110 -. 5
H]] 211 105 2

]1]] 24A 50 --36

100 –36

Ill] 43A 100 60

11]1  43B 40 55

H]{ 32A 300 30

300 70

rrlr 43C 35 75

1{]1  47A 100 23

lMost  models are in cqui]ibriurn  preionizatior)

20ricntation  angle == 5°

30ricntation  angle == ] 65°, 349°

40rierltation  angle =: 304°, 312°

511’ully  r)reionizcd

2.0

1.72

1.83

2.84

2.52

2.4 3

1.54

0.9

0.4

3.0

3.0

2.3

2.5

2.55

2.55

1.8

3.2
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